Purpose Chemotherapy-induced diarrhoea (CID) has a significant impact. A medicinal food product (ReCharge) containing iron-saturated lactoferrin and anhydrous milk fat reduces the detrimental effects of chemotherapy on the gut in animals. We report results of a randomised blinded placebocontrolled phase IIb trial investigating the efficacy and safety of ReCharge in preventing CID. Methods Eligible patients were adults due to start the first cycle of a 2-or 3-week-cycle chemotherapy regimen, had an Eastern Cooperative Oncology Group (ECOG) status of 3 or less, had adequate haematological, liver and renal function and provided written informed consent. Patients (197) were randomised to ReCharge or placebo. They consumed 100-g study product for 2 weeks before and 6 weeks after starting chemotherapy, completed daily diaries for 8 weeks and attended clinic visits until 12 weeks (2-week cycles) or 14 weeks (3-week cycles). The primary outcome was days with CID. Results The mean number of days with diary-recorded CID was marginally but not statistically significantly lower on ReCharge than placebo (−2.0, 95 % CI (−4.7 to 0.7), p=0.2). The proportion reporting diarrhoea in the previous cycle at the clinic visit was 30 % lower (p=0.012) on ReCharge. Missing diary data may have contributed to the discrepancy. No significant differences were found in quality of life or other adverse events. Conclusions We found no clear evidence that ReCharge reduced CID as measured by patient self-report diary. The converse finding of benefit as recorded at clinic visits and incomplete adherence to diary completion indicates that further research is required into methods for measuring CID.
Introduction
Chemotherapy-induced diarrhoea (CID) due to mucositis of the bowel has a significant impact on patients' quality of life and can impact on the ability to deliver effective treatment [1] . It is a common side effect of many chemotherapy regimens [2] . The reported incidence of diarrhoea (any grade) associated with the use of cytotoxic drugs ranges from 30 % (docetaxel), 50 % (5-fluorouracil and capecitabine), to 80 % (irinotecan) [3] . These incidence figures underestimate the true impact of diarrhoea as patients frequently use anti-diarrhoeal agents to control their symptoms. Treatments for mucositis are palliative at best. [4] .
ReCharge is a medicinal food product developed to ameliorate the gut damage caused by chemotherapy. It contains two milk-derived bioactive components, namely, anhydrous milk fat (AMF) and fully iron-saturated lactoferrin (natural lactoferrin is 15 % saturated). Lactoferrin, a protein that occurs naturally in human and cow's milk as well as in other bodily secretions, has a role in the body's natural defence system. AMF is a commercial food product that has been widely used in the food industry for many years. Animal data have shown that both iron-saturated lactoferrin and milk fat prevent chemotherapy-induced gut damage and aid recovery from neutropenia [5] [6] [7] and that the two components work synergistically (unpublished results). There have been over 20 studies in humans investigating lactoferrin's effect on iron absorption [8] , Helicobacter pylori eradication [9] , hepatitis C eradication [10] , a variety of other infections [11] , colonic polyps [12] and modulation of tumour growth [13] , including two short-term trials involving high doses of fully iron-saturated lactoferrin [8, 14] . No safety concerns were identified by these trials.
This report describes a randomised, placebo-controlled, double-blinded, phase IIb trial investigating the efficacy and safety of ReCharge in preventing CID in patients undergoing chemotherapy. The primary objective was to assess the efficacy of ReCharge ice cream formulation in reducing days with CID.
Methods
Patients were recruited from seven New Zealand centres between August 2009 and May 2012. Patients 18 years or over with advanced or early stage (following a protocol amendment in December 2009) cancer of any type were eligible for the study if it had been more than 4 weeks since their last chemotherapy regimen; they were to start a first, second or third line regimen with cycles of 2 or 3 weeks and including at least one of capecitabine, docetaxel, paclitaxel, 5-FU or irinotecan in the regimen; had Eastern Cooperative Oncology Group (ECOG) performance status of 3 or better; had haemoglobin >90 g/L, neutrophil count >1.5×10 9 /L, platelets >100×10 9 /L, bilirubin <2× upper limit, AST/ALT/ALP <2× upper limit, albumin >30 g/L and creatinine clearance >50 mL/min; were able to tolerate ice cream; and provided written informed consent. Exclusion criteria included intolerance of cow's milk, celiac disease, presence of a stoma, treatment with oxaliplatin, use of iron supplements within 3 days of starting study treatment, haemochromatosis, type 1 or poorly controlled type 2 diabetes, planned G-CSF support, participation in another clinical study within 4 weeks of inclusion and concurrent abdominal radiation.
ReCharge was formulated as an ice cream with 16 % anhydrous milk fat, 2.5 % fully iron-saturated bovine lactoferrin, 7 % skim milk powder and 14 % sugar plus stabilisers and emulsifiers. An inert placebo ice cream was used (soybeanoil-based, matched for colour, taste and appearance) which contained the same constituents as ReCharge apart from absence of iron saturated lactoferrin and anhydrous milk fat, the latter being replaced with 16 % soybean oil.
Eligible patients were randomised 1:1 to ReCharge or placebo ice cream. Products were manufactured in a facility accredited by the Ministry for Primary Industries with an approved Hazard Analysis and Critical Control Point plan. They were administered orally as one 100-g serving of ice cream daily for 10-18 days pre-chemotherapy (for priming the gut [5, 6] ) and continued for 6 weeks from the start of chemotherapy (a total of 8 weeks±4 days). Randomisation was stratified and blocked by length of planned chemotherapy cycle (2 vs 3 weeks) and study site using random block sizes of 4 or 6. If chemotherapy was discontinued, patients were encouraged to continue taking study product wherever possible.
Patients were assessed at clinic at baseline, the start of study product and the start of each chemotherapy cycle until the end of week 8. A haematology profile and biochemistry profile for renal and hepatic function were performed at baseline, and haematology counts were repeated in cycle 1 only on days 3, 5, 8, 10, 12, 15, 18 and 21. Thereafter, blood tests were done according to the institution's standard practice. Patients completed daily diaries from randomisation until the end of week 8. A final study visit was carried out at the end of 12 or 14 weeks for patients on 2-and 3-week cycles, respectively.
The primary outcome measure was the numbers of days with CID using data from the patient's daily diary. Following the Common Terminology Criteria for Adverse Events (CTCAE) Version 3.0, we defined any day with at least one bowel motion (BM) over the baseline as a day with CID. The baseline level was estimated before randomisation from patient recall of the average number of BM over a 3-day period.
The secondary outcome measures were incidence of CID (1 or more days with CID); diarrhoea-related quality of life (FACIT-D diarrhea subscale) measured at each study visit; maximum severity of diarrhoea (based on recall at the clinic visit and graded according to CTCAE version 3.0); duration and severity of neutropenia, measured as the area under the curve (AUC) during the first cycle of chemotherapy; and health-related QoL and safety (adverse events between the first dose of study product and 28 days after the last dose coded using CTCAE version 3.0). Compliance with study product was recorded in patient diaries. Compliance with chemotherapy was measured by calculating the proportion of the planned dose delivered from start of chemotherapy to end of study product. Use of anti-diarrhoeal medication was also recorded by patients in their diaries. The primary intention-totreat analysis compared the mean number of days with CID between 2 weeks post-randomisation (planned chemotherapy start date) and 8 week post-randomisation on ReCharge and placebo using a linear regression. An efficacy analysis compared the mean number of days with CID from 2 weeks after start of chemotherapy for 42 days. The relative reduction in rate of CID was calculated using a Poisson regression model with the number of days of diary data as exposure time and robust standard errors. Cumulative incidence of CID and the proportions with grade 1-4 or grade 3-4 diarrhoea were compared using relative risk regression with robust standard errors [15] . The overall proportions of grade 3 or higher AEs were compared using a chi-square test. Quality of life scores and neutrophil counts were compared using linear mixed models with REML estimates of variance components and assumed correlation structures of compound symmetry (QoL) and unstructured (neutrophils). Regression models were adjusted for the randomisation stratification factors (length of planned chemotherapy cycle and whether or not the regimen included capecitabine, irinotecan or 5-FU). No formal adjustments were made for multiplicity of secondary outcomes.
The study was designed with three decision regions for the estimated primary treatment effect [16] . Patient recall data from previous local trials gave a mean (SD) number of days with CID of 10 (12) [17] . Inflating to account for underreporting in the clinic, we assumed a mean of 12 days in the control arm and considered a reduction of 4 days (30 %) to be clinically meaningful. With a sample size of 100 per arm, the trial has the following operating characteristics:
Region 1 If the estimated treatment effect was a reduction of 2 days or fewer of CID, we would conclude that ReCharge is unlikely to be superior to placebo, with a 12.4 % chance of a false negative conclusion. Region 2 An estimated treatment effect between 2 and 3.3 days of CID would indicate sufficient promise to warrant further investigation in a larger trial. Region 3 An estimated treatment effect of 3.3 days would indicate that the mean number of days with CID was lower on ReCharge than placebo, with a 2.5 % chance of a false positive conclusion.
Ethical approval was given by the Multi-Region Ethics Committee (MEC 09/03/031), and regulatory approval by the Standing Committee on Therapeutic Trials (TT50-8315). The trial was monitored by an independent Data Monitoring Committee.
Results
Of the 1241 patients screened, 197 were randomised (Fig. 1) . Of the 197 patients randomised, 43 (22 %) did not meet all eligibility criteria, 23 on ReCharge and 20 on placebo. Eighteen were given exemptions before randomisation; 13 of these were just below cutoffs for renal function, liver function and/ or haematological profile, for 1 AST was not done, 3 would have study product for less than 10 days before planned chemotherapy, and 1 had more than 2 previous lines of chemotherapy. One patient on placebo was found to have a colostomy and was withdrawn from the trial. Of the remainder without exemptions, 16 did not have one of the required blood tests before randomisation (9 were missing AST, caused by a change in laboratory practice), 3 were below cutoffs for renal function or platelets, 2 had less than 28 days since their last chemotherapy cycle, 2 had more than two previous lines of chemotherapy, and for 1 ECOG performance status was not recorded. The Steering Committee decided it was safe for these patients to continue on study. Baseline characteristics are shown in Table 1 .
Three patients died (one on ReCharge and two on placebo) and 14 withdrew from the study before 8-week follow-up (chemo period) was complete (8 on ReCharge, 6 on placebo) (Fig. 1) . Twelve patients did not provide any diary information after the 2-week pre-chemotherapy period (seven on ReCharge, five on placebo). The numbers (proportions) of patients providing any data for the primary analysis were 89/102 (87 %) on ReCharge and 84/95 (88 %) on placebo, and the proportions providing at least 80 % complete data were 71 % on ReCharge and 72 % on placebo.
The primary intention-to-treat analysis found that the mean number of days with CID was lower on ReCharge than on placebo (difference in means −2.0, 95 % confidence interval (−4.7 to 0.7)), but the difference was not statistically significant (p=0.2)) ( Table 2 ). Adjustment for baseline imbalances including age, sex, pre-existing bowel conditions, cancer site and disease status reduced the size of the estimated difference to −1.6 (95 % CI (−4.3 to 1.1), p=0.2). This result falls in region 1 of the three-region design, indicating that ReCharge is unlikely to be superior to placebo. Secondary analyses compared the relative reduction in rate of CID and the overall proportion reporting any CID, but neither difference was statistically significant (p=0.1 and p=0.06 respectively, Table 2 ). However, there was a 30 % reduction in patients reporting grade 1 or higher diarrhoea adverse events in the clinic (p= 0.02). This latter analysis includes all patients who continued to attend clinic visits, so it may be a more complete and reliable estimate of the effect of treatment on CID. However, it was not the pre-specified primary endpoint so it should be interpreted with caution due to multiplicity of secondary outcomes. The slightly higher rate of use of anti-diarrhoeal agents by ReCharge patients may also have affected the comparisons of CID (Table 2) . Of the 197 patients, 66 recorded use of antidiarrhoeal medication in their daily diary. Of these, seven were classified as not having CID according to the primary outcome (daily diary) measure (four on ReCharge and three on placebo), so the potential for bias in the diary measure due to use of anti-diarrhoeal medication was low. However, for the secondary outcome measure based on clinic CTCAE grades, of 37 patients on ReCharge who used anti-diarrhoeal medications, 17 were not classified as having CTCAE graded diarrhoea, whereas only 3 of 29 on placebo did not have CTCAE graded diarrhoea, so it is possible that there is bias in this clinic measure.
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The first efficacy analysis used data from the start of chemotherapy for 42 days, which excluded patients (nine on ReCharge, two on placebo) who did not start chemotherapy. The adjusted difference in mean number of days with CID was −2.46 (95 % CI −5.1 to 0.18, p=0.07) and the adjusted rate ratio 0.76 (0.57 to 1.01 (p=0.06). The majority of patients who stopped chemotherapy also stopped providing diary data, so further restriction to those completing chemotherapy, and to those who stayed on study product while on chemotherapy had little effect on the estimate of efficacy.
The difference in mean FACIT-D scale scores is given in Table 3 . There were no statistically significant differences between the treatment arms. The confidence intervals excluded differences of more than 1.5 on the diarrhoea subscale, and more than 2 across all other subscales. Overall 85 % of the QoL questionnaire forms were returned. For patients on regimens not including capecitabine, neutrophil counts rose in the first 3 days after start of chemotherapy then dropped (Fig. 2) , but for those on capecitabine, there was no spike. For patients on 3-week cycles, the difference in area under the curve (AUC) (ReCharge-placebo) was −3.51 (95 % CI −23.2 to 15.8) p=0.7, and for patients on 2-week cycles, 0.17 (95 % CI (−12.5 to 12.8), p=0.97. There were 3 patients who experienced grade 3 febrile neutropenia on each arm, and 12 (12 %) patients on ReCharge and 18 (19 %) on placebo experienced grade 3 or higher neutropenia.
Eight patients died from their cancer during the trial, five on ReCharge and three on placebo. There was one noncancer death on ReCharge (due to GI necrosis) and one on placebo (cardiac ischemia/infarction). There was no statistically significant difference in overall number of adverse events grade 3 or higher (p=0.1, Table 4 ). Furthermore, there were no significant differences in adverse event rates in any of the haematological or gastrointestinal subcategories apart from the differences in diarrhoea mentioned above. Compliance with study product was recorded in the patient diaries. The proportion of those with diary data available who reported eating 90 % or more of the protocol-required study product was 75 % on both ReCharge and placebo.
Discussion
This study is the first investigation of the effects of ironsaturated lactoferrin and anhydrous milk fat in humans undergoing cancer therapy. For the primary outcome measure of days with CID, the study found no evidence of clinical benefit, although the direction of the observed difference was in favour of ReCharge.
Interpretation of the result requires scrutiny of the completeness of the patient diary data. Missing data were an issue for the diaries as evidenced by 24 of the 197 participants not providing any information on stool frequency during the study period. Overall, missing data were evenly balanced between the two arms, but only 71 % of ReCharge patients and 72 % of CID chemotherapy-induced diarrhoea, CI confidence interval a Analyses were adjusted for the randomisation stratification factors chemotherapy cycle length and planned chemotherapy regimen placebo patients recorded at least 80 % of the required stool frequency data. The commonest reasons for missing data were the patient being too unwell or forgetting. The majority of the missing data were from patients who had stopped taking chemotherapy and, therefore, technically, were no longer at risk of CID. However, the proportions stopping chemotherapy differed between the treatment and control groups, and there could be some carryover of the effects of chemotherapy, making it difficult to gauge the degree of bias from the missing data. Other cancer treatment studies using daily diaries have reported issues with compliance, particularly for patients with advanced cancer or declining health and compliance is generally better with instruments requiring less frequent completion [18] . A daily diary was chosen for the primary outcome measure to allow better detection of acute, short-term changes compared to instruments using less frequent assessments [18] to better capture the overall impact of diarrhoea, but the degree of missing data has limited the usefulness of this measure. In contrast, the secondary measure of CID based on adverse events reported in the clinic demonstrated a statistically significant 30 % reduction in CID with ReCharge (p=0.019). The definition of diarrhoea used for the diary and clinic measures was the same (CTCAE version 3 definition of grade 1 diarrhoea is an increase of 1-3 stools per day over baseline frequency). The proportions of CID reported in the clinic were lower than for the diary data (37.3 and 50.3 % on ReCharge and placebo for clinic data and 81 and 89 % for the diary data). This was expected, and indeed one of the reasons for the choice of the diary data for the primary endpoint was the belief that the mild to moderate diarrhoea (that was hypothesised to be prevented by ReCharge) would be underreported in clinic data. In hindsight, the high proportion of patients having CID according to the diary data (81 and 89 %) suggests that the diary measure was too sensitive and perhaps a greater treatment effect might have been observed if a higher threshold was used. However, there are potential biases in the clinic data as well. This information relies on the patient's recollection Comparisons of proportions for each adverse event all gave p>0.05 over 2 or 3 weeks, and this is likely to be less reliable than the daily diary. However, since the study was blinded to patients and clinical staff, it is likely that recall was equally poor in both treatment groups. There were no differences between the treatment arms in overall health-related quality of life or in diarrhoea-related quality of life. There was also no statistically significant difference in neutropenia as measured by the area under the curve of neutrophils over time during the first cycle of chemotherapy. However, inspection of the plots of the means (Fig. 2) indicated that the impact of chemotherapy on neutrophil count was restricted to those patients on agents other than capecitabine. In addition, while not statistically significant, the number of neutrophil-related adverse events was lower in the ReCharge group than in the placebo group. Given the relatively small size in this study, we cannot rule out an impact of ReCharge on chemotherapy-induced myelosuppression, so this may be worth further investigation.
Comparisons of treatments for chemotherapy side effects are complicated by withdrawal from chemotherapy. As anticipated, not all patients who entered the study completed their full chemotherapy programme, and furthermore, there was an imbalance in the two arms with fewer ReCharge patients receiving all of their anticipated chemotherapy. It is not possible to conclude whether this lower chemotherapy completion with ReCharge was due to diminished tolerability for chemotherapy in this arm or to other factors, although there was no excess of adverse events for those receiving ReCharge. But, the patterns in withdrawals from chemotherapy may have led to an overestimate of the benefits of ReCharge.
A factor which may have led to an underestimate of the benefit of ReCharge was the need for priming of the gut with study product before the start of chemotherapy. A previous animal study relating to the anti-cancer effects of ironsaturated lactoferrin in C57BL/6 mice reported that administration for at least 2 weeks prior to chemotherapy was necessary to achieve a biological response [5] . The optimal prechemotherapy period of administration in humans is unknown, but in a study in patients, it is necessary to balance the benefit of a longer priming period against an undesirable delay in starting chemotherapy. Initially, the priming period was set at 14 days, but even this led to difficulties in recruitment so it was subsequently changed to 14±4 days. It is certainly possible that this period may have been insufficient to optimise the effect of ReCharge. If future studies of ReCharge in the cancer treatment setting are considered, the issue of a lead-in time for ReCharge will be a key consideration.
Measurement of diarrhoea burden and diarrhoea-related quality of life was a challenge for this study and is an area that requires further research. At the time of inception, there were no validated measures of mild to moderate diarrhoea, and while anecdotally recognised as a serious problem by oncologists, there is very little information about the nature and frequency of CID of all grades. Our belief when designing this trial was that the extent of CID was greater than would be reported in the clinic during a standard therapeutic trial and that even low-grade diarrhoea could negatively impact on QoL. The reporting issue was borne out by the difference in prevalence estimates from the diary and clinic data (over 80 % in the diary data and less than 50 % in the clinic data). The substantial literature on measuring quality of life stresses the importance of patient-reported outcomes, but mechanisms to deal with the frequent non-response, particularly in patients who are the most unwell, are under-researched. Literature comparing paper to electronic diaries [19] suggests that both are subject to problems with missing data but that electronic diaries may be more reliably filled out each day. A further challenge is how the analysis should handle patients who withdraw from chemotherapy. A standard intention to treat analysis requires that all patients randomised are included in the analysis. However, patients who have withdrawn from chemotherapy may well have less diarrhoea, so if a product such as ReCharge could enable more patients to stay on chemotherapy because of reduced diarrhoea, the standard ITT analysis may not detect a benefit. Further methodological research is needed to support trials of treatments to reduce the side effects of chemotherapy.
In conclusion, this study did not detect a benefit from ReCharge with the primary efficacy measure of patient diary reported days with CID, but there were methodological issues which could have influenced this outcome. In particular, the adequacy of the patient daily diary record can be called into question as can the degree of patient compliance in taking ReCharge. It should be noted, however, that some of the secondary objectives did show a potential benefit for ReCharge. The incidence of diarrhoea as recorded by the doctor was lower in the ReCharge group, and there was also a suggestion of less neutropenia and fewer adverse effects from neutropenia. However, these results must be interpreted with caution due to the multiple secondary outcome measures (and consequent inflation of the chance of a false positive result) and the possible bias in CTCAE assessment of diarrhoea from differing rates of anti-diarrhoeal medication usage. The effect of the 14±4-day lead-in time for ReCharge on the outcome of the study is unknown but may have also contributed to the overall negative result.
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